
    Wildland Fires 
Carl Pennypacker 

 Lawrence Berkeley National Laboratory 
Berkeley Lab CAG June 13, 2016 

   The FUEGO System 

A PROBLEM READY FOR: 

  •  PARADIGM SHIFTING THINKING 

 •   DATA  ACQUISITION, ANALYSIS, SIMULATION 
 •   ACTIONABLE INTELLIGENCE 



Talk Outline 

u Introduction and Background 
u Cost discussion and examples 
u Phased Solution 
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We are an active collaboration of multiple LBNL, 
UC Departments and Campuses and Private 
Industry (Many skills are needed!) 

u  LBNL 
u  Space Sciences Lab 
u  Haas School of Business 
u  College of Engineering/Computer Vision 
u  College of Natural Resources 
u  UC San Diego 
u  UC Merced 
u  Fireball 
u  Drone America 
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Fundamental Conclusion:   
 

Assuming growing efficacy, for a small fraction of REAL costs to 
Californians, $100’s of millions and eventually billions of dollars can be 
saved for Californians. Starting soon. LBNL teammembers are ready! 

 

Estimates of Average REAL Cost to each Californian is arguably $70/year 
to $120/year ($2B to $4B ~ 5x to 10X suppression costs – 2003 Cedar Fire in 
San Diego was 50X suppression…) 

 

The University of California Labs and our public/private partnerships offer 
some incremental, transparent solutions. A 5% savings, achievable now 
we believe, would save Californians at least $100M/year. 
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Greenhouse Gas Contribution: 
 
California Fires are speeding up climate change and, as 
~ 6% of California's C02 comes from wildland fires (from 
a UC Berkeley study -- 
 
(http://news.berkeley.edu/2015/04/15/california-
carbon/).   



    Why Should LBNL/UCB/Fireball Do This? 
 

•  Good opportunity to save lives and money and environmental damage 
in support of CalFire’s Mission 

         (CalFire does a great job!) 
 
•  We are arguably great (Nobel Prize, etc.)  at piloting data/sensor/ 

computationally intensive, physics based solutions for these types of 
problems  
 

•  Fireball’s good track record with CalFire 
 

•  We can reduce Climate Change 



Beginning of a Mission Concept: Supernovae!!: 
Explosive end of a star’s life, which can be seen across the Universe! Supernova can be 

as bright as a whole galaxy! But hard to find!! 

This was the first supernova we saw, in M99 galaxy in 1986. 
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Start of FUEGO 
Fire Urgency Estimator from Geosynchronous Orbit 
(and Associated Data Systems and lower-altitude steps in between…) 

Supported by the Vice Chancellor for Research, UC Berkeley 

u  Early detection and on-going management of wildland fires 
u  natural; accidental; terrorist 
u  Developing the Fire Data Hyper- Cube 

u  Valuable for the United States and the world – can become a business for CA! 
u  Geosynchronous orbit for 24/7 coverage 
u  Supplement ground & air observations 
u  Provide real time input for models for prediction and suppression resource 

allocation 
u  Supplement other space-borne geo observatories 
u  Requires real-time assessment of urgency. 

u  Urgency is the key ingredient! Must be made quantitative! 
u  Requires tight integration with Geographic Information Systems 
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Questions Concerning Economics 
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The hierarchy of fire accounted and un-accounted costs to Californians : 

1)  Suppression Costs 

2)  Property -> Insurance rate increase 

3)  Public Utility Infrastructure -> rate increases 

4)  Eco-system 

5)  Lost business 

6)  Human suffering and lives lost 

7)  Accelerating Climate Change 



Fires will get worse in California, 
based on current climate models… O

ES Brie
fin

g
, M

a
y 25, 2016 



The financial and environmental impact of 
wildfires in the US has increased dramatically 
over the last 30 years 
u  The impact of wildfires in the US (rebased, 1985=100) 

Even though the US has seen 
42% fewer wildfires in 2013 as 
compared to 1985, acres 
burned have increased 
significantly, and costs have 
risen over 600% 

Reasons include: 

1. A build-up of fuels resulting in 
part from past fire 
suppression policies 

2. A warming climate, 
including drought in the 
West 

3. to fire-prone public landsThe 
development of homes 
adjacent  
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Fire Primer: Example 1: 
Oakland Fire, 1991: 25 People died, 150 injured, 3,000 
dwellings destroyed. Financial impact > $1.5 billion O
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Infrared Image of Oakland Fire acquired by Donn 
Walklett, FUEGAN in NASA airplane – 
(There was probably strong infrared signal from progenitor fire) O
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            Example 2: Rim Fire   
•  Hunter’s Campfire, 3:25 PM, August 17 (GOES saw it at 3:25), and 
“discovered/reported”  after 4:30 pm (estimate) 

•  Reported/discovered by phone an hour or two later than 
expected FUEGO threshold   

•  Turned into California’s 3rd biggest fire  -- 260,000 acres (400 square 
miles)  BTW: California is 100,000,000 acres area 
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Example 3: Butte 
Fire:  
But Optimistic early 
discussions with PG&E 
underway.  
  
Because USFS mapping 
aircraft committed in 
the PNW, no real 
perimeter map during 
first 3 days. 
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SDG&E Way to deal with fire: 
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Full	
  economic	
  benefits	
  are	
  considerably	
  larger,	
  with	
  47-­‐98%	
  of	
  costs	
  
related	
  to	
  factors	
  other	
  than	
  suppression	
  

Full economic costs of selected fires, breakdown [%] 

ECONOMIC IMPACT – Suppresion Costs can be a tiny part of the story… B 
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Hayman (CO, 2002)	
  

Grand Prix Padua (CA, 2003)	
  

5%	
  

Cerro Grande (NM, 2000)	
  
3%	
  

Ferry Complex (MT, 2000)	
  

Missionary Ridge (CO, 2002)	
  

Other Fire suppression 

Fire	
  Suppression	
  2%	
  
Other 1%	
  

Watershed  
Protection 2%	
  

San Diego Gas 
and Electric 3%	
  

FEMA 13%	
  

Lost economic  
activity 14% 

Unemployment 
Insurance 17% 

Property  
loss 48% 

Example: San Diego (CA, 2003) 
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 Current Work: Enhanced FUEGO  “E-FUEGO” 
Sensors at many altitudes (including fire watch towers) 
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Phase 1: Begin now! 
u  1) Now - run for three years) -- total cost - $1.66M - - total societal cost savings 

– assume 5% fire damage reduction -> $100M to$200M/year 
 

a)     Fire management of existing fires - 
frequent infrared mapping, simulation, and delivery 
of actionable intelligence to incident commanders. 
Estimated Savings Goal within 3 years: 5% less damage 
in the Mega-fires  

b) Simulations become validated, tuned, and become part of actionable 
intelligence. Also, allow much better accounting 

 
c)  Early smoke detection from California fire watch towers: 

 
d)  Use of Air Force Satellites Imagery - hard to quantify savings 
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Automated Detection of Smoke from Fire 
(UC Berkeley Computer Vision Program) 

u  (note Mt. Palomar 200” Dome) 

u  Work of Dr. Stella Yu, Computer Vision and Will Cramer (Under Grad) 
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Does knowing where a fire is and how it 
is spreading help to fight a fire? 

 
Are there assets in California that can 
collect/disseminate over-all common 

operating intel in near real-time? 
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Near Real-Time, High Resolution, Day/Night Mapping and 

Fire Characterization 

FIRE-­‐FINDER	
  
9	
  cameras	
  

3	
  each	
  at	
  3	
  Infrared	
  Wavelengths	
  	
  

Critical Objectives:  
ü  Find & map perimeters of fastest moving fires / long-

range spotting ⇨ Analysis ⇨  Broadcast 
ü  Simultaneously find smallest burning fuel elements -- 

spots & for action to prevent re-kindle 

NO UP-FRONT MONEY EXPECTED FROM GOVERNMENT 

Intel is a force multiplier 



Wildland Fire Intelligence Needs 
Improvement 
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1.  Mapping data collection at low Frequency => Lack of Continuity => Reduced appreciation for 
changing conditions 

2.  Information currently lacking real specificity 
a)  Geographic location (perimeters well-known after USFS night flight only) 
b)  Fire Behavior – rate of spread, intensity, drivers of behavior, duration of runs 
c)  Fuels 
d)  Threatened assets rarely called out  
e)  “Potential” in different section of fire not characterized 
f)  Weather (not perfect but is relatively well characterized) 

3.  Lack of Distillation into Common Operating Picture that is useable for both strategy and tactics.  
“Scout” is headed there. 

4.  Predictive understanding (knowing what fire will do is an experiential art (good but uneven) 

5.  Intelligence dissemination weak but improving 



ARGUS in WB-57 Pallet 

Real-time Tasking, Collection, Processing, Analysis, and Dissemination 

Battlefield Airborne Communications Node (BACN) 
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Predictive Simulation Model 
u  Uniform agreement among scientists and improvements in simulation 

await high frequency measurements of fire spread in “Measured” fuel 
beds. 

u  Idea of Measured fuel bed is almost a joke.  Fuels are complex. 

u  With data one can run model, measure error, run model backward to 
estimate where the error lies.  Run forward again….  = Deep  Learning 

u  Result is a measure of the fuel parameter 

u  Coupled Atmosphere-Wildland Fire Environment Model (CAWFE) Janice 
Coen NCAR, Boulder CO 

u  Farsite  Mark Finney Missoula Fire Lab USDA/FS 

u  COMPLETE VETTING BEFORE DEPLOY 
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Does  Be'er  Mapping  Really  Help?  
Fireball  observa7ons  over  16  years


1.  Only	
  if	
  the	
  intelligence	
  gets	
  used	
  
2.  When	
  you	
  are	
  runnin’	
  and	
  gunnin’	
  how	
  oOen	
  do	
  you	
  really	
  know	
  where	
  you	
  

are?	
  
3.  Can	
  you	
  communicate	
  your	
  locaSon?	
  	
  Is	
  that	
  dangerous?	
  
4.  Can	
  you	
  communicate	
  your	
  intent?	
  

5.  Current	
  and	
  previous	
  perimeters	
  show	
  how	
  the	
  fire	
  is	
  flowing	
  through	
  the	
  fuel	
  
•  Experienced	
  people	
  will	
  quickly	
  relate	
  illustraSon	
  to	
  what	
  they	
  have	
  see	
  in	
  the	
  past.	
  
•  It	
  will	
  be	
  easier	
  to	
  look	
  ahead	
  to	
  consider	
  changing	
  potenSal	
  and	
  special	
  hazards	
  
•  Changes	
  the	
  way	
  resources	
  are	
  deployed	
  
•  Helps	
  ID	
  and	
  miSgate	
  safety	
  concerns	
  	
  	
  
•  The	
  computer	
  models	
  will	
  be	
  improved	
  and	
  not	
  broadcast	
  unSl	
  ve%ed	
  

6.  Has	
  the	
  Campbell	
  Model	
  helped?	
  Its	
  right	
  and	
  it	
  provided	
  a	
  communicaSon	
  pla]orm	
  
7.  Has	
  your	
  use	
  of	
  Google	
  Earth	
  increased?	
  	
  How	
  exactly	
  does	
  GE	
  help?	
  
8.  Every	
  feature	
  has	
  geo-­‐coordinates	
  and	
  which	
  can	
  be	
  queried/displayed	
  
9.  Maps	
  are	
  a	
  communicaSons	
  tool	
  and	
  communicaSons	
  is	
  criScal	
  

10.  It	
  is	
  a	
  rare	
  fire	
  where	
  I	
  don’t	
  catch	
  a	
  flare-­‐up	
  in	
  the	
  act	
  of	
  taking	
  off.	
  
11.  	
  Teams	
  that	
  use	
  the	
  data	
  systemaScally	
  go	
  home	
  sooner	
  

12.  A	
  digital	
  map	
  is	
  not	
  always	
  be%er	
  than	
  a	
  paper	
  map	
  



Phase 2: Working within 5 years 

u  2) Phase 2: (start preparing for now - run for five years) -- total costs - 
$10M - total societal savings – 20% reduction  in fires 
 
a)  High Altitude UAV's/ballons over San Diego and LA Basin and 
other areas. 
 

u  b)  Detect fires early, and deploy great CalFire areial tankers and 
helicopters  
 

u  c)  routine and excellent use of simulations.  Better and better 
predictive powers are used to fight fires and grade their danger 
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Phase 3: Begin now, deploy in 10 years 
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a)  FUEGO Geosynchronous coupled with 100kfeet UAV's detect almost all fires over 
10 square meters, and rapid response by DC10's stops them within 45 minutes of 
ignition 

 
b)  Simulations so fine-tuned, fire behavior and predictability very well understood 

and managed.  CA sells technology to the rest of the world, generates income 
of $100M/year or more. 

c)  Program is self-supporting on sales revenue. 

Total costs $100M, $10M/year on-going, savings, $10B/year 



New Idea:  FUEGO as an Attached Payload $60M 
compared to $400M -- use CHIRP System Ideas…  

•  Comsats are regularly flown to geosynchronous orbit 
•  Comsats are large!  Tons, kilowatts, gigabits/sec. 
•  Comsats can often host attached payloads. 
•  Benefits of being an Attached Payload: 

•  Host provides launch service  
•  Host provides orbit maintenance 
•  Host provides electrical power 
•  Host provides uplink & downlink 
•  Host provides attitude control 
•  Host provides known monthly operations cost 

•  FUEGO in particular has modest requirements compared to comsat 
capabilities.  Good match! 



Immediate Conclusion from on-going work 
q  INTELLIGENCE COLLECTION ON FIRES HAS CHANGED LITTLE IN 50 YEARS! 

q  SENSING TECHNOLOGY EXISTS  

Ø   Agency motivation 

Ø   Approach Different from military intel 

q  WORK ON DATA FLOW  

Ø  Reduction of Mass of information to “at a Glance Intel” is a fun Challenge 

Ø  requires some money 

q  SIMULATION USEFUL PREDICTIVE MODELS ARE A BIG DATA PROBLEM IN INFANCY  

Ø  We are collecting data to exercise some models 

Ø  How close to physics does a model need to be 

Ø  Application of data assimilation techniques need to be worked out 

Ø  Would an ensemble of models be helpful? 

  


